Martyn [ϭ Medicago sativa nothosubsp. varia (Martyn) Arcang.] (Barnes et al., 1977) . One of these sources A reference karyotype of tetraploid alfalfa (Medicago sativa subsp.
available for distribution. These germplasm sources plasm resembles the distribution of heterochromatic DNA C-bands were released for basic studies related to genetic diverof diploid M. sativa subsp. caerulea (Less. ex Ledeb.) Schmalh. The African Population karyotype of alfalfa developed in this study is sity, heterozygosity, and heterosis in alfalfa. There have suggested as the reference for the development of additional chromobeen only two studies conducted using these nine some maps of diverse alfalfa populations. sources of germplasm: Kidwell et al. (1994) evaluated them for restriction fragment length polymorphism (RFLP) molecular marker differences, and Ray et al. A lfalfa, a tetraploid (2n ϭ 4x ϭ 32), is the most (1998) evaluated them for forage yield, water-use effiimportant perennial forage crop grown in North ciency, and canopy morphology. America. It is recognized as a widely adapted agronomic Identification of alfalfa chromosomes at pachytene crop, an effective source of biological N 2 fixation, an has been conducted by Gillies (1970) and Ho and Kasha energy-efficient crop to grow, one of the highest sources (1974) . Analysis of somatic chromosomes of tetraploid of protein yield per hectare, and an attractive source of alfalfa previously has been reported (Agarwal and nectar for honey bees (Apis mellifera L., Barnes et al., Gupta, 1983; Falistocco, 1987; Sclarbaum et al., 1988; . Alfalfa is the third most widely grown crop in Falistocco et al., 1995) . Agarwal and Gupta (1983) 
RESULTS AND DISCUSSION
ing patterns using C-banding (Bauchan and Hossain, The 25 plants grown in the greenhouse were deter-1997, 1999a). Falistocco et al. (1995) reported the first mined by observation of the growth habit, flower color, C-banded karyotype of tetraploid alfalfa based on the and pod type to fit the African Population phenotype. Italian cultivar 'Turrena'.
The karyotype of the tetraploid African Population germThe objectives of this study were to determine the plasm source consisted of one set of homologous SATs distribution of constitutive heterochromatic DNA, char-(Chromosome 8), four sets of submetacentric chromoacterize the polymorphisms which might exist, and desomes (Chromosomes 1-4) and three sets of metacentric velop a reference karyotype of tetraploid alfalfa based chromosomes (Chromosomes 5-7). The image analysis on the nondormant germplasm source African Populasystem is a method of obtaining quality images of chrotion, utilizing the combined techniques of C-banding mosomes through its enhancement capability. Enhanceand image analysis. (SAS, 1998) , as determined by this study and previous Population alfalfa. Seeds were scarified and germinated in studies (Bauchan and Campbell, 1994 ; Bauchan and ( Bauchan and Hossain, 1998) , of all of the nine germAfrican Population germplasm source. The reference plasm sources, African Population contained the largest karyotype is represented in Fig. 1 . number of heterochromatic bands and represents the best fit to the C-banding pattern observed in diploid of
Chromosome Descriptions
M. sativa subsp. coerulea (Bauchan and Hossain, 1997) Chromosome 1. The largest chromosome with an avPolymorphisms in C-banded constitutive heterochromatic DNA were found to exist among individuals in the erage length of 2.46 m (Table 1 ) without a nucleolar organizer region (NOR) is submetacentric; it has a tersome, with 5% of the plants possessing interstitial band on the short arm. The most common polymorphism minal band and an interstitial band on the short arm; in addition to the centromeric band, a large interstitial (10%) was the loss of the terminal band on the short arm; however, this usually occurred only on one of the hoband is located near the centromere on the long arm. Two individual plants had a double interstitial band on mologs. Chromosome 8. The only SAT chromosome, with the long arm of one of the homologous chromosomes. The interstitial band on the long arms was missing in bands flanking the NOR and the centromere; a large terminal band as well as an interstitial band were located one plant.
Chromosome 2. A submetacentric chromosome with on the long arms of the chromosome. Almost half (48%) of the plants were found without the interstitial band a large telomeric band on the short arm and two interstitial bands located on both arms of the chromosome.
on the long arm. The interstitial band was sometimes (12%) missing from all three homologs; in other inThis chromosome contains a large number of polymorphisms. A double interstitial band was observed in one stances (16%) it was missing on two homologs; and yet with others (20%), one homolog was missing the homolog in one plant. Sixteen percent of the chromosomes observed were missing the interstitial band on interstitial band. In two of the 25 plants, a double interstitial band was found on the long arm. Four percent the short arm in at least one chromosome and sometimes on all four homologs.
of the chromosomes were missing the terminal band on the long arm of the chromosome. Figure 2 represents Chromosome 3. A submetacentric chromosome with an interstitial band close to the terminal band on the the summarization of the polymorphisms which were observed for each chromosome. A composite idiogram short arm. The interstitial bands on the long arms were not as prominent as the band found on Chromosome for the African Population germplasm source was constructed ( Fig. 3) . 1, and are located closer to the terminal end of the long arm. This chromosome contained the largest amount There was considerable variability in the number, intensity, and location of the constitutive heterochromatic of polymorphisms in the genome. The most frequent polymorphism (24%) was the loss of the interstitial DNA found in alfalfa. In the alfalfa genome, the constitutive heterochromatic DNA was located mainly around bands on the long arms on all four homologs. Twenty percent of the plants observed were missing the interstithe centromeres and the short arms of the chromosomes. The origin of additional bands is uncertain. They may tial bands on the long arms for either two or three of the homologs. The interstitial bands on the short arms have preexisted, or they could have resulted from reduplication of highly repetitive DNA, unequal crossing also were missing in six of the 25 individuals observed; sometimes (8%) all four homologs were missing the over, or possibly a translocation, as has been reported in alfalfa (Stanford and Clement, 1958) . The loss of a interstitial band, and in other instances (12%) only one homolog was missing its interstitial band. Occasionally terminal band can occur through a deletion or possibly by outcrossing with M. sativa subsp. falcata. Bauchan (3%), a terminal band was missing on the short arm.
Chromosome 4. A submetacentric chromosome with and Hossain (1997 and 1999a) showed that diploid M. sativa subsp. falcata chromosomes possess bands primaran interstitial band midway between the telomeric band and the centromeric band on the short arm. There were ily at the centromeres. Preliminary studies of tetraploid M. sativa subsp. falcata chromosomes revealed that no interstitial bands located on the long arm; however, occasionally a tertiary constriction was evident on the there were a larger number of C-bands than had been discovered in diploid M. sativa subsp. falcata; however, long arm of the chromosome. This chromosome did not contain any polymorphisms among the individuals there were fewer bands than found in M. sativa subsp. sativa Hossain, 1998, 1999b) . Hybridizaobserved, and all of the homologs appeared to be very similar.
tion between M. sativa subsp. falcata and M. sativa subsp. sativa can occur naturally, and thus meiotic crossChromosome 5. A metacentric chromosome with an interstitial band closer to the centromeric band than the ing over can take place, resulting in the loss of constitutive heterochromatic DNA. telomeric band on the short arm of the chromosome with very few polymorphisms. Only two individuals Molecular studies of the nine germplasm sources of alfalfa by Kidwell et al. (1994) used RFLP patterns to were missing either the terminal band or the interstitial band but only on one homolog. characterize the germplasm sources. They also found much variability, even within a given germplasm source. Chromosome 6. Another metacentric chromosome with a small terminal band and a prominent interstitial They were unable to distinguish most of the germplasm sources from each other through the use of molecular band on the short arm. A missing interstitial band on the short arm was the most frequent (20%) polymorphism markers and multivariate analysis, with the exception that M. sativa subsp. falcata and M. sativa subsp. sativa observed. One to four chromosomes were missing this interstitial band in 28% of the plants. In two of the 25
Peruvian Population formed two unique clusters. This present investigation of tetraploid African Popuplants, the terminal band was missing from the short arm.
lation alfalfa supports the conclusion of other researchers based on genetic studies (reviewed by McCoy and Chromosome 7. The shortest chromosome in the genome [an average length of 1.96 m (Table 1) ] was a Bingham, 1988; and Rumbaugh et al., 1988) that alfalfa is an autotetraploid. The similarity of the chromosome metacentric chromosome with only centromeric bands and a telomeric band on the short arm of the chromomorphology and the C-banding pattern (Fig. 1) among homologs made it possible to group alfalfa chromologs possessed bands at the same location Hossain, 1998, 1999b) . somes into eight sets of four chromosomes. Additional evidence to show that tetraploid alfalfa is an autotetra-
The tetraploid alfalfa karyotype presented in this study differs from the karyotype published by Falistocco ploid is that the C-banding pattern of tetraploid alfalfa depicted in the idiogram (Fig. 3) is nearly identical to et al. (1995) , primarily in the greater number of bands than they observed. A number of reasons could explain that of its putative progenitor diploid M. sativa subsp. coerulea (Bauchan and Hossain, 1997) . The nondormant the differences. First, they used a saturated solution of ␣-bromonapthalene for 4h as a pretreatment. Our African Population germplasm source appeared to contain more subsp. sativa germplasm than subsp. falcata, experience has shown that an ice water pretreatment for 18h gives the largest number of bands, and thus the as indicated by the consistency with which all four homo- a smaller amount of constitutive heterochromatic DNA. Bauchan, G.R., and M.A. Hossain. 2001 . Utilization of a computerized image analysis system to characterize small plant chromosomes.
